In this study, we examine the impact of the STAR highway located in Batangas province, Philippines, on the public finance of the cities and municipalities through which it directly passes. Specifically, we exploit a unique, disaggregated dataset on tax (property and business taxes) as well as non-tax revenues (regulatory fees and user charges) of the cities and municipalities in the Batangas province. We find, based on our two specifications of a modified difference-in-difference model, that the STAR highway had a robust, statistically significant, and economically growing impact on business taxes. We also find that this socalled "highway effect" also extends to municipalities located in a neighboring province to Batangas. Furthermore, based on more careful inspection and robustness checks, it appears that the STAR highway had a significant impact not only on business taxes, but also on property taxes and regulatory fees. These findings support the widely held belief that infrastructure investments matter; further, our micro-case study suggests that infrastructure investments can indirectly boost tax and non-tax revenues through their power to reduce transportation costs and enhance the activity of firms and workers located along the highway.
INTRODUCTION
Transportation infrastructure is widely deemed to have critical development impacts. For one, public investment on transportation infrastructure constitutes a major portion of spending during sluggish economic activity. The IMF estimates that the Asia and Pacific region spends about $360 billion per year on transport. However, this amount masks the uneven distribution of spending on infrastructure, in general, and on transportation, in particular. Specifically, in some countries, transportation infrastructure has seen a dramatic expansion, while others have seen only modest increases, or even contracted (UNESCAP 2013) . Improving and expanding transportation infrastructure is also believed to be synonymous with economic development, particularly in terms of reducing poverty, which explains the Asian Development Bank's (ADB) support for it. For instance, transport has accounted for 27% of ADB's lending during 2005 -2009 (ADB 2010 .
The need to assess whether development outcomes are being achieved and met, for instance, on the side of multilateral donors, has placed new demands on evaluations that can accurately measure the impact of assistance. The need to evaluate lending in transportation projects is no exception. This, then, explains the recent proliferation of various impact evaluation tools. From the earlier wide application of the macroeconomic approach in the assessment of public infrastructure investment to the recent gain in popularity of micro-econometric tools to evaluate particular infrastructure projects, including transport, the interest on impact evaluation methodologies will remain with us for some years to come.
In this paper, we provide a microeconomic case study that examines the impact of the STAR highway located in Batangas province, Philippines, on the public finance of the cities and municipalities through which the STAR highway directly passes. Specifically, we employ a modified version of the difference-in-difference approach, which is typically used in quasi-experimental impact evaluation studies. We then in turn exploit a unique, disaggregated dataset on the tax and non-tax revenues of the cities and municipalities in the Batangas province. These revenues comprise property taxes and business taxes as well as regulatory fees and user charges.
The paper is structured as follows: The next section reviews previous studies that use micro-econometric impact evaluation tools. The third section discusses the differencein-difference approach and its modification in the present study. The fourth section briefly introduces the STAR tollway and discusses the public finance data used in this study. The fifth section discusses the empirical results. The last section concludes.
LITERATURE REVIEW
Empirical macroeconomic studies that assess the aggregate impact of infrastructure investments have been popular for many years. Recently, micro-econometric studies have also gained popularity and essentially use the idea of comparing the factual and the counterfactual. That is, a comparison between what happened to individuals or cities in the presence of the infrastructure project compared with how they would have fared without it (Hansen, Anderson and White 2011) . However, micro-economic studies that employed experimental evaluation such as randomized control trials (RCTs), which have been widely adopted in the impact evaluation of education and health policies, is difficult to implement in the context of large-scale infrastructure projects (Sawada 2015) . One obstacle to RCT-based evaluation is that the infrastructure project's technical nature prevents randomization since, for instance, the engineering design of the project requires determining the beneficiary villages for an irrigation project (Hansen, Anderson and White 2011) . One such exception is the study by GonzalezNavarro and Quintana-Domeque (2012), who conducted a randomized street asphalting experiment to measure the impact of infrastructure on poverty.
Nonetheless, the majority of micro-econometric evaluation studies have used quasiexperimental approaches that employed different means to match the beneficiaries and non-beneficiaries groups (Hansen, Anderson and White 2011) . Some of these recent studies are the following: Duflo and Pande (2007) studied the productivity and distributional effects of large irrigation dams in India, using river gradient as an instrumental variable based on the evidence that, in districts located downstream from a dam, agricultural production increases, and vulnerability to rainfall shocks declines. In contrast, agricultural production shows an insignificant increase in the district where the dam is located, but its volatility increases. Rural poverty declines in downstream districts, but increases where the dam is built, suggesting that neither markets nor state institutions have alleviated the adverse distributional impacts of dam construction.
Dinkelman (2011) used a similar identification strategy by using this time land gradient to estimate the impact of electrification on employment growth by analyzing South Africa's mass roll-out of electricity to rural households. The study found that electrification significantly raises female employment within five years. Electrification also appears to increase work hours for men and women, while reducing female wages and increasing male earnings. The study also found evidence that suggests that household electrification raises employment by releasing women from home production and enabling microenterprises. Jensen (2007) studied the introduction of mobile phone service throughout Kerala, an Indian state with a large fishing industry. Using microlevel survey data, the study showed that mobile phone adoption by fishermen and wholesalers was associated with a dramatic reduction in price dispersion for sardines, as well as the complete elimination of waste, and near-perfect adherence to the Law of One Price; further, both consumer and producer welfare increased. Donaldson (2014) collected colonial-era data to estimate the impact of India's vast railroad network using a general equilibrium trade model. The results showed that railroads decreased trade costs and inter-regional price gaps; increased inter-regional and international trade; eliminated the responsiveness of prices to local productivity shocks (but increased the transmission of these shocks between regions); increased the level of real income (but harmed neighboring regions without railroad access); and decreased real income volatility.
THE DIFFERENCE-IN-DIFFERENCE METHOD
The difference-in-difference (DiD) method does what its name suggests. The impact of a policy or a project on a certain outcome can be estimated by computing a double difference, i.e., one over time (before and after) and one across individuals or entities (between beneficiaries, or an affected group, and the non-beneficiaries, or a nonaffected group). Specifically, in its simplest form, when data are available for the beneficiaries and non-beneficiaries for two time periods (before and after the operation of an infrastructure project such as the opening of a highway), the method produces impact estimates in the following way: the first difference-the difference in the beforeand-after outcomes for the beneficiaries or affected group-is measured to control for factors that are time-invariant. However, the need to control for time-varying factors remains. These factors are then captured in two ways: first, the second difference in the before-and-after outcomes for the non-beneficiaries or non-affected group is obtained; finally, the second difference is then subtracted from the first difference to further purge other time-varying factors. This final result is interpreted as the impact of the policy or the project.
The key DiD method assumption is that without the policy or the project, the changes in outcomes (i.e., trends) between the beneficiaries, or affected group, and the nonbeneficiaries, or non-affected group, are the same over time. In effect, it is the policy or the project as the only factor that creates a trend deviation between these two groups. As can be seen in Figure 1 below, the dotted blue line represents what would have happened in the beneficiaries group in the absence of the policy or the project (unobservable or counterfactual). Notice that this same dotted blue line trends parallel to the red line, which represents the outcome trend for the non-beneficiaries group. Whereas, the anomaly in that part of the solid blue line, i.e., the trend of the beneficiaries group, represents the deviation between the beneficiaries and nonbeneficiaries group that was assumed to be exclusively caused by the policy or the project. In practice, however, one can never test this assumption of the same trend between the beneficiaries group and the non-beneficiaries group in the absence of the policy or the project. To measure the impact of a policy or project, one can also easily use the DiD method to estimate the following regression equation:
Let Y i,t be the outcome variable of interest such as GDP, GDP per capita, etc.; A i is a binary variable that takes a value of 1 for an entity (e.g., household, city, municipality, etc.) belonging to the affected or beneficiaries group, and a value of 0 for an entity belonging to the non-affected or non-beneficiaries group. P t is also a binary variable that takes a value of 1 for the period in which the policy was implemented or, in the case of an infrastructure project, the period it was made operational; it takes a value of 0 for the period prior to the implementation of the policy or the operation of the infrastructure project. P t × A i is an interaction term, i.e., the product of the two binary variables, which then takes a value of 1 only during the period of the implementation of the policy or the operation of the infrastructure project if the entity (e.g., household, city, municipality, etc.) belongs to the affected or beneficiaries group. This interaction term represents the actual treatment variable. ε i,t is the usual error term of the regression with variance σ 2 . α, β 0 , β 1 are the regression parameters to be estimated, and the parameter β 1 represents the impact of the policy or the project. The model can be enriched by including entity and time dummies. The main advantage of working with a regression-based approach to the DiD is that other variables can be added to the righthand side of equation (1), which allows controlling for a possible violation of the assumption of the same trends between the beneficiaries and non-beneficiaries group.
Our Modified Difference-in-Difference Model
Equation (1) above is a discrete specification and thus offers no sense of the dynamics between the infrastructure project and our outcome variable of interest (logarithm of the respective tax and non-tax categories): how quickly the outcome variable grows from the time that an infrastructure project is constructed, completed and made operational, and whether this effect accelerates, stabilizes, mean reverts, or shows no effect. To account for these dynamics, equation (1) can be modified by incorporating leads and lags into the specification and can be expressed as:
The variables are similarly defined as above as well as the regression parameters to be estimated. The only difference between equations (1) and (2) is that, in the latter specification, we include the role of leads and lags of the binary variable P t , prior to forming its interaction with the other binary variable, A i . This is to determine whether the infrastructure project caused a significant difference between our beneficiaries and non-beneficiaries groups in terms of the outcome variable, one and two years before the project's completion, during the year of its completion, and in the next few years right after its completion. Similar to equation (1), this modified model can be enriched by including entity and time dummies.
PHILLIPINE HIGHWAY AND PHILLIPINE PUBLIC FINANCE DATA

The Philippine STAR Highway
In an effort to expand the flow of people and goods between the Manila Metropolitan area and Batangas City, and thereby contribute to the industrial development of the province of Batangas and surrounding provinces, the Southern Tagalog Arterial Road (STAR) tollway was built with Japan Official Development Assistance. 
Philippine Public Finance Data
In view that the main objective of this study is to ascertain the impact of the STAR highway on the public finance of the cities and municipalities through which it directly passes, the outcome variable of interest is the logarithm of the various tax and non-tax revenues of the cities and municipalities in Batangas province. However, instead of just working with aggregate data on tax and non-tax revenues, we were able to obtain disaggregated data from the Philippine Bureau of Local Government Finance (BLGF) on property and business tax revenues, as well as non-tax revenues covering regulatory fees and user charges. These data are compiled annually with 2013 the most recent year available from the BLGF website 2 when this study was started. Since the available data only begins in 2001, and given that the DiD method requires beforeand-after data on our outcome variable, we are only able to conduct the impact evaluation of STAR tollway II. Figure 2 with the boundaries marked in red, STAR tollway II directly passes through two major cities in Batangas province, i.e., Lipa City and Batangas City. In between these two cities, STAR tollway II crosses the relatively smaller municipality of Ibaan. In effect, for purposes of our empirical DiD analysis, Lipa City, Ibaan and Batangas City are treated as our affected or beneficiaries group. The choice of the non-affected or non-beneficiaries group, however, is not so straightforward. A 2 www.blgf.gov.ph 3 In other words, to include an impact assessment of STAR tollway I, the DiD method requires that we have data on tax and non-tax revenues prior to 2001. natural yet still arbitrary selection of this group is those cities and municipalities that lie adjacent to the west and east of our affected or beneficiaries group. We decided to work with four non-affected or non-beneficiaries groups, as shown in Table 1 . Based on the same map shown in Figure 2 , the municipalities constituting the nonbeneficiaries group 1 and 2 are combinations that lie to the west and east of the affected or beneficiaries group. Non-beneficiaries groups 3 and 4 consist entirely of municipalities that are located on the western side of our affected or beneficiaries group, in particular at the very western edge of Batangas province in the case of nonbeneficiaries group 4.
EMPIRICAL RESULTS
As depicted in
In terms of our public finance data, Figure 3 presents the trend on the property tax, business tax, regulatory fees and user charges from the time construction of STAR tollway II began in 2006 using the data for our affected or beneficiaries group vis-à-vis our non-beneficiaries group 1. Figure 3 shows that the two major cities in Batangas province, i.e., Lipa City and Batangas City, account for a large share of the different categories of tax and non-tax revenues from 2006 to 2013. This is true even when we compare the revenues of these two cities with the revenues of the other Batangas municipalities (chart not shown). However, the trend that is not clear is whether there is a deviation between our three cities/municipalities of our beneficiaries group as opposed to the municipalities of non-beneficiaries group 1, which is based on our discussion of Section 3, where the marked deviation in trend in the various categories of tax and non-tax data can be assumed to be exclusively caused by the STAR tollway II. This latter observation holds even when we plot the data on our various categories of tax and non-tax revenues for our beneficiaries group vis-à-vis the other municipalities that form the three remaining non-beneficiaries groups. We thus need to resort to an evaluation method such as DiD to indicate whether STAR tollway II indeed had a significant impact on our beneficiaries group as opposed to our four comparison groups, i.e., the non-affected or nonbeneficiaries groups across the various categories of tax and non-tax revenues.
Tables 2a to 2d present the estimation results of our modified DiD model (equation 2). Table 2a presents the modified DiD model estimation results between our beneficiaries group and non-beneficiaries group 1; Table 2b for our beneficiaries group and nonbeneficiaries group 2; Table 2c for our beneficiaries group and non-beneficiaries group 3; and, Table 2d for our beneficiaries group and non-beneficiaries group 4. In each of these tables, columns (1), (2), (3) and (4) present the estimation results for property tax, business tax, regulatory fees and user charge, respectively. Finally, in each table and for the respective categories of tax and non-tax categories, we augment the baseline specification presented in equation (2) above by controlling for the level of economic activity in Batangas province (denoted as Construction), i.e., the number of residential and non-residential constructions.
Figure 3: Tax and Non-tax Revenues of Beneficiaries Group versus Non-beneficiaries Group 1 (P million)
We can see from Tables 2a-2d that regardless of which non-beneficiaries group we consider, the majority of the interaction terms that incorporate the leads and lags of the P t binary variable are significant for only one category of tax revenue, i.e., business taxes. 4 This implies that STAR tollway II, from one and two years before its completion until the next few years following, had an impact on our beneficiaries group as opposed to the non-beneficiaries under this category of tax revenues. Specifically, the estimates suggest that the impact of STAR tollway II on business tax revenues gradually grew from the time of its construction in 2006, reached a peak upon completion in 2008, subsequently slowed down, and, in the last two years of our period of observation, achieved a larger effect. 4 This finding also holds even when we use alternative measures of economic activity such as GDP, and even a liquidity measure, for instance, the money supply. * Significant at 10%; ** significant at 5%; *** significant at 1%.
Source: Authors.
Finally, as an illustration of the dynamic effects of STAR tollway II on the business tax revenues of Lipa City, Ibaan and Batangas City, we calculate the counterfactual increase in business tax revenues for these three beneficiaries' areas. This is carried out by using the estimated impact coefficients, i.e., the estimated coefficients of the various interaction terms between the leads/lags of the P t binary variable and the A i binary variable, reported in column 2 of Table 2d , as well as the actual business tax revenues for each of the beneficiaries' areas in a particular period. These calculations are shown in Table 3 below. As we emphasized above, the calculated increase in business tax revenues for the three beneficiaries' areas indeed suggests that the impact of STAR tollway II grew from the time of its construction in 2006, reached a peak at the time of its completion in 2008, subsequently slowed down, and, in the last two years of our period of observation, achieved a larger effect. Given that the government support for the Build-Operate-Transfer portion, i.e., STAR tollway II, amounted to P0.5 billion, the estimated annual average of the accumulated increase in business tax revenues for the three beneficiaries' areas is roughly P1 billion. Thus, according to these calculations, STAR tollway provided a net benefit for the government.
Spillover Effect
The next interesting question is whether the same STAR tollway II had a significant impact on the various categories of tax and non-tax revenues of the municipalities located at a neighboring province of Batangas (the so-called spillover effect in the impact evaluation literature). Figure 3 shows these neighboring municipalities, which are located on the eastern part of Batangas province and the STAR tollway, in hollow white with boundaries marked in blue. Using these municipalities that are specifically found on the neighboring province of Quezon as a test case, we present in Table 4 our modified DiD estimation results that examine the spillover effect of STAR tollway II. This table should be read in the same manner as Table 2 above, that is, column (1) presents the estimation results for property tax; column (2) the estimation results for business tax; column (3) the estimation results for regulatory fees; and, column (4) the estimation results for user charge. This time, the level of economic activity both in the provinces of Batangas and Quezon were used to augment the baseline specification presented in equation (2) above. As before, economic activity is measured by the number of residential and nonresidential constructions, i.e., the variable, Construction t .
Interestingly, similar to the findings we obtain from Tables 2a to 2d, we again find that under the category of business tax revenues, all the interaction terms remain economically and statistically significant. Unlike, however, the economic significance of the interaction terms in the estimation results on business tax revenues presented in Tables 2a to 2d , here we observe in Table 4 that the impact of the STAR tollway II accelerated from the time of construction and up to the last two years of our period of analysis. * Significant at 10%; ** significant at 5%; *** significant at 1%.
Robustness Test: Using Continuous Distance
The limitation of our previous non-affected or non-beneficiaries group selection strategy is that there is no way for us to determine whether adjacency to those cities and municipalities through which the highway directly passes can give us the suitable comparison group. An alternative approach is to omit a comparison group in terms of the arbitrary selection of the non-affected or non-beneficiaries group, and use instead the calculated continuous distance from the primary urban center of a municipality to its nearest STAR tollway II entry point. By using the calculated continuous distance, our earlier baseline specification (equation 2) can now be expressed as:
In this equation (3), the binary variable, P t , is defined as before, including the regression parameters to be estimated. However, we now replace the binary variable A i with the continuous distance variable, Distance t . As such, the relevant interaction term is between this continuous distance variable, Distance t and the binary variable, P t . Nonetheless, similar to equation (2), we still take into account the dynamics of STAR tollway II and its impact on the various categories of tax and non-tax revenues with the incorporation of leads and lags into the specification of equation (3) via the binary variable, P t . In doing so, just as before, we are able to know how quickly our different categories of tax and non-tax revenues grew from the time that the STAR tollway II was constructed, completed and made operational, and whether this effect accelerated, stabilized, mean reverted, or showed no effect . Finally, similar to equations (1) and (2), the model above can be enriched by including entity and time dummies. Table 5 presents our estimation results of equation (3), and should be read in the same manner as before: column (1) presents the estimation results for property tax; column (2) for business tax; column (3) for regulatory fees; and, column (4) for user charge. Once we control for Construction t , we find that the interaction terms in three of the four categories of tax and non-tax revenues are economically and statistically significant. Specifically, these are for the two categories of tax revenues, i.e., property and business taxes, and the non-tax category, regulatory fees. Furthermore, the economic significance of the interaction terms across these three categories does gradually grow over time. * Significant at 10%; ** significant at 5%; *** significant at 1%.
CONCLUSIONS
Given the massive amounts of money injected in recent years by many countries in the region on infrastructure it is high time that we evaluate the economic impact and benefits of these investments. The traditional empirical studies on infrastructure have taken the macroeconomic approach of examining the aggregate impact of investment on growth and productivity. Recently, however, micro-econometric studies have also gained popularity. This study is in line with the latter approach of using quasiexperimental approaches to examine infrastructure projects.
In this study, we examined the impact of the STAR highway located in Batangas province, Philippines, on the public finance of the cities and municipalities through which it directly passes. Specifically, in order to evaluate the impact of the STAR highway, we exploit a unique, disaggregated dataset on the tax and non-tax revenues of the cities and municipalities in Batangas province. These data consist of property taxes and business taxes as well as non-tax revenues covering regulatory fees and user charges.
We find based on our modified difference-in-difference model that it is on business taxes that the STAR highway had a robust statistically significant and economically growing impact. We also find that this so-called "highway effect" of STAR on business taxes also extends to municipalities located in Quezon, a neighboring province of Batangas. These results suggest that certain infrastructure projects may not only have concentrated or "localized" effects, but it can also have wider effects that extend to the regional economy. Furthermore, it appears that the STAR highway had a significant impact not only on public finance, but also on property taxes and regulatory fees. These findings support the widely held belief that infrastructure investments matter. Given the desire of countries in the region to seek alternative sources of sustainable development financing, boosting tax revenues may not only come from an effective revenue system such as better tax administration and adopting various forms of direct and indirect forms of taxation. The findings from our micro-case study suggest that infrastructure investments can have an indirect role to play in boosting tax and non-tax revenues through reducing transportation costs and enhancing the activity of firms and workers located along the highway.
